The effectiveness of Science and Technology Parks (STPs) as instruments of innovation policy has generated thriving debate among academics, practitioners and policy makers. However, research mostly does not consider STPs' heterogeneity. The present paper analyses the influence of different STP characteristics on their tenants' performance. Using data on 849 firms and 25 STPs from the 2009 Community Innovation Survey for Spain and a survey of STP managers respectively, we find that: (i) firms located in very new or longer established STPs show better innovative performance; (ii) the size of the STP and its management company positively affects the innovative performance of tenants while services provision has no effect on firms' achieving better results; and (iii) firms in less technologically developed regions benefit more from location in an STP.
Introduction
Science and Technology Parks (STPs) have attracted the attention of academics and policymakers and have increased around the world (Wainova, 2009) . STPs are policy-driven agglomerations (Huang et al., 2012) , designed to encourage the formation and growth of onsite technology and knowledge-based firms, and have a management function that is actively engaged in achieving these goals.
In spite of their wide diffusion and the considerable investment involved, there is no consensus on the effectiveness of this technology and innovation policy instrument. On the one hand, some argue that STPs have no relevant impact on firms' results since they do not encourage the creation of synergies that might result in added value for tenants (e.g. Macdonald, 1987) , which questions the actual STP model Hansson et al., 2005 ) and led Quintas et al. (1992) to describe STPs as 'high-tech fantasies'. This view is supported by several empirical studies that find no significant differences between on-and offpark firms in relation to the inputs to the innovation process (Westhead, 1997; Colombo and Delmastro, 2002) and the outputs of innovation activity (Westhead, 1997; Löfsten and Lindelöf, 2002; Colombo and Delmastro, 2002) .
On the other hand, there are those who claim that STPs provide a supportive environment for new knowledge-and technology-based firms, facilitating technology transfer, encouraging firm growth, attracting firms involved in leading-edge technologies, and fostering strategic alliances and networks (Siegel et al., 2003a; Hommen et al., 2006; Del Castillo Hermosa and Barroeta, 1998) . Some empirical studies show that an on-park location creates externalities that can have positive effects on the innovation activity of firms related to the inputs to the innovation process (Fukugawa, 2006; Leyden et al., 2008; Yang et al., 2009 ), higher research productivity (Siegel et al., 2003b; Yang et al., 2009) or a higher likelihood to patent (Squicciarini, 2008 (Squicciarini, , 2009 ).
We propose an explanation that reconciles these contrasting views, 1 that is, that parks are heterogeneous. Some parks are efficient, and do generate value for their tenants; others do not. Although the literature on STPs is growing rapidly, to our knowledge there have been no attempts to systematically analyse which characteristics of STPs contribute to improving the performance of innovative firms. This paper tries to fill this gap in the literature by assessing how several STP characteristics, namely age, dimension, location and management, affect the innovation performance of tenants.
We exploit two main data sources: the 2009 Community Innovation Survey (CIS) for Spain The rest of the paper is organized as follows: Section 2 reviews the literature; Section 3 presents the data and the methodology and describes the variables used. Section 4 presents the empirical results which are discussed in Section 5. Section 6 highlights some implications of the study and suggests directions for further research.
Literature Review
As referred to above, analysis of the effects of parks' heterogeneity on innovation performance of firms, is novel in the literature on STPs. We selected four characteristics to analyse: park age and size (traditionally considered as factors related to organizational performance in various disciplines, e.g. Stinchcombe, 1965; Blau, 1970; Evans, 1987) ; park location, which would seem important since STPs are geographically bounded technology and innovation policy instruments; and park management, the importance of which is suggested in other studies of STPs (e.g. Westhead and Batstone, 1999; Löfsten and Lindelöf, 2002) . 2 In what follows, we discuss the potential influence of these characteristics on park firms' performance in line with previous work on STPs and, more generally, the literature on agglomerations. Since there are several opposing arguments, no clear hypotheses have been formulated; however, we identify contradicting views that demand clearer empirical evidence.
Effects of park's age
Numerous studies analyse the relation between firm age and innovation behaviour (see e.g. Huergo and Jaumandreu, 2004) , but the impact of park age on firms' results has been mostly ignored in previous studies of STPs, despite a general acknowledgement that the effect of agglomeration on firm innovation can vary over the agglomerations' life cycles (Pouder and St. John, 1996; Bresnahan et al., 2001 ).
2 Note that the choice of specific independent variables had to fulfil the requirement of significant variability within our sample; thus, not all potential sources of heterogeneity are included. E.g., the presence of a business incubator within a STP is considered by some (e.g. Colombo and Delmastro, 2002) to be a critical success factor for STPs. However, this feature does not represent a source of heterogeneity in our sample because all the parks analysed have at least one business incubator. Similar arguments apply to consideration of specialization of STPs in a specific industrial sector; in our sample only one STP is specialized.
Some argue for a positive effect of STP age upon firms' innovation performance. The agglomeration literature suggests that one of the main benefits of agglomerations is to facilitate links with other organizations (Hervas-Oliver and Albors-Garrigos, 2009). The results generated by these links improve with their duration (Izushi, 2003; Barge-Gil and Modrego, 2011) because repeated interaction reduces the cost of each future interaction by generating routines (Dahl and Pedersen, 2004) , improving users' capacity to acknowledge and explain their requirements (Lambrecht and Pirnay, 2005) , and by contributing to the building of mutual trust (Mayer et al., 1995) and reducing the risk of dishonest behaviour (Narula and Hagedoorn, 1999) . Also, according to the literature on organizational learning, older organizations are more likely to accumulate knowledge and apply it in innovative activities and to achieve superior performances (e.g. Calantone et al., 2002; Decarolis and Deeds, 1999) allowing STP managers to improve their understanding of tenants' needs (Gower et al., 1996) and firms to benefit from more effective business support.
On the other hand, the age of the park might have negative repercussions for tenants'
performance. There might be the risk, for older parks, of ossification of park management routines, non-learning processes, blindness and conservatism, all of which could lead to worse performance (Durand and Coeurderoy, 2001 ) and would have negative consequences for firms.
Empirical studies are scarce. Some authors have found a positive effect of park age on total park employment growth (Link and Scott, 2006) , and on university administrators perceived utility of interactions with firms for academic patenting (Link and Scott, 2003) . Others, such as McCann and Folta (2011) , include age of the agglomeration as a control variable to study firms' performance differentials and find either no or a negative effect.
Thus, neither the theoretical nor the empirical literature provides clear evidence of the effect of STP age on tenants' innovation performance. We explore the issue empirically allowing for the coexistence of both positive and negative effects.
Effects of park dimension
The role played by dimension has been acknowledged widely in the academic literature on agglomerations (Arthur, 1990; Beaudry and Breschi, 2003; Layson et al., 2008) , the classical argument being that the positive externalities generated by co-location with other firms increase with the number of firms in the same location (Arthur, 1990) . For example, as the number of on-park firms increases, the stock of available knowledge (Beaudry and Breschi, 2003) producing externalities also increases, which has positive repercussion for firms' performance. However, some maintain that the positive effects occur only above a minimum critical size (Bakouros et al., 2002) .
On the other hand, firms located in large sized STPs can suffer the diseconomies of agglomeration (Arthur, 1990) . Congestion costs may be generated by competition in both input and output markets (Prevezer, 1997) and firms may compete over the limited space available in an STP (Chen and Huang, 2004) , over specialized workforce (Zucker et al., 1998) and utility services (Folta et al., 2006) . Shaver and Flyer (2000) suggest another possible explanation for performance declining with dimension: that is, that larger agglomerations are less attractive to the most innovative firms because of the risk of outgoing spillovers.
Again, empirical work is scarce. Similar to the question of STP age, neither the theoretical nor the empirical literature provides a clear view on the effect of an STP's dimension on tenants' innovation performance. The discussion is focused mostly on the existence or not of a negative effect after a certain critical dimension, and there is some consensus on a positive effect of increasing STP size for initially small parks.
Effects of park location
Location has traditionally been considered an important factor for the success of firms' innovation activities (McCann and Folta, 2008; Feldman and Kogler, 2010) . The advantages for technology-based firms of being located in technologically developed regions were identified by Marshall (1920) almost a century ago and can be resumed in three points: specialized labour; specialized inputs; and knowledge spillovers (Prevezer, 1997) . Although geographical proximity per se is neither a necessary nor a sufficient condition for knowledge spillovers (Boschma, 2005) , its importance is widely recognized in the literature (see e.g. Czarnitzki and
Hottenrott, 2009), and a large body of work claims that spatially close agents benefit from knowledge externalities (Boschma, 2005) . It has been found also that firms located in more advanced regions are more likely to be innovative (Johansson and Lööf, 2008) .
These arguments can be extended to STPs. Parks established in technologically developed regions may benefit from location advantages provided by extra-park relationships and spillovers. They may build on these advantages to become poles of excellence (Chorda, 1996) , which attract innovative firms from other areas (Mello and Rocha, 2004) .
On the other hand, STPs that are located in less developed regions (Siegel et al., 2003a) can help to compensate for the lack of valuable inputs in these regions and become innovation enclaves (Felsenstein, 1994) , which improve the overall image of the region (Sternberg, 2004; Del Castillo Hermosa and Barroeta, 1998) . They may constitute a technologically developed space in a lagging region. Also, in a lagging region, if competition is mainly local, on-park firms may have advantages over their competitors. This would not apply in more advanced areas;
STP effects would be limited because firms are able to find favourable framework conditions elsewhere (Sternberg, 2004 ).
The regional context has been accounted for explicitly in a few empirical studies. Scott (2005, 2006) 
Effects of management's characteristics
The official definition of STPs, from the International Association of Science Parks (IASP, 2002) , makes reference to the management function of STPs. This feature is one of the main differences between STPs and other types of agglomeration. It has been argued that the existence of a formal integrated management structure provides a more secure basis for firms' long-term development (Westhead and Batstone, 1999) . Cabral (1998) suggests that a characteristic of all successful parks is a strong park managerial team, with established or recognized expertise, and Colombo and Delmastro (2002) acknowledge the importance of the internal organization and that it should be lean and agile. Very young firms, in particular, can suffer from several constraints that make it difficult for them to achieve their economic potential (Monck et al., 1988) . These constraints include reduced management capacity, paucity of finance, and lack of sales and marketing expertise (Storey and Tether, 1998a) . There is a common view that STPs' on-site management can be a determinant of a supportive environment that helps firms to overcome these constraints (Löfsten and Lindelöf, 2002) through the provision of business advice and services related to financial and marketing support (Storey and Tether, 1998b; Heydebreck et al., 2000) from the management team (Westhead and Batstone, 1998) . Some authors are critical of those STPs not providing these services, referring to them as 'firm hotels' (Löfsten and Lindelöf, 2002) .
However, there is a view also that the added value of on-park location does not come from the active hands-on support from the park's management. According to some studies based on surveys of tenant firms, firms choose an on-park location for the prestige that this location endows, and for easier access to university/research centre facilities and the prestige from links with them (Monck et al., 1988; Westhead and Batstone, 1998) . These features do not require particularly active park management. Also, since tenant organizations to an extent can be considered captive customers of the services provided by the STP management, these can be of lower quality (Rienzner and Testa, 2003) .
In this paper, we analyse how two main characteristics of the STP management -dimension of the management team, and provision of internationalization and consultancy services to firms -influence innovation performance.
Data, methodology and variables definition

Data
To conduct our analysis we combine firm level data from While existing work has focused mainly on a few parks (e.g. Yang et al., 2009; Malairaja and Zawdie, 2008; Chan et al., 2010; Bakouros et al., 2002; Felsenstein, 1994) , or a large number of parks, but small sample of firms (e.g. Squicciarini, 2008 Squicciarini, , 2009 Fukugawa, 2006; Colombo and Delmastro 2002; Westhead, 1997; Westhead and Storey, 1995; Siegel et al., 2003b; Löfsten and Lindelöf, 2002) , we combine large firm and park samples, which allows us to observe greater parks heterogeneity and to control properly for firm characteristics using a large set of covariates.
Another advantage offered by CIS is that, because it is modelled on the European CIS, it uses already tested indicators and enables comparison with the results of other studies using CIS data for other countries.
Methodology
The model we use to assess the effect of STP characteristics on the innovation performance of firms can be synthesized in the equation:
The model is estimated using ordinary least squares (OLS) regression 7 with controls and standard errors clustered by park. We test the robustness of results to different definitions of the dependent and some of the independent variables. We estimate this model for the sample 5 Although central government is not directly involved in any STP initiatives, responding to the survey is mandatory for STPs to obtain government funding. In a very few cases, data were supplemented by phone surveys with park managers. 6 The STP sample includes only those STPs that were full members of the Association of Science and Technology Parks of Spain (APTE) for at least two years. 7 We also estimate Tobit models; the results (presented in the appendix) were very similar. We chose to present the OLS estimations because they provide direct and constant marginal effects, allowing easier comparison across models.
of firms located in STPs since the population of interest is STP tenants and STP characteristics do not apply to off-park firms.
Variables definition
Each component of equation (1) is explained below.
Dependent variable -lnewmerl
We measure the innovation performance of on-park firms using volume of sales per employee registered in 2009 of new-to-the-market products (i.e. products introduced to the market in the two years previous to the survey -2007-2009 ). These data are available for every firm because they correspond to a question in the survey. This indicator is used frequently in studies of innovation (for a review see e.g. Vásquez-Urriago et al., 2011) and is argued to overcome the problems typical of other indicators such as patents, R&D expenses and number of innovations (Smith, 2006) .
Operationally, the dependent variable lnewmerl is the logarithm of the sales from new-to-themarket products/services per employee.
Independent variables (STP characteristics)
The STP characteristics considered in our model are summarized in Table 1 and discussed below. lnfirms is the log of the number of park tenants at the end of the previous year (2008) and proxies for the size of the park. We also test the robustness of our results to the utilization of the geographical area of the park, measured in squared metres (lsqmetres, log) as an alternative indicator of park size. We investigate the existence also of non-linear effects.
To measure the level of technological development in the park's surrounding environment, we need an indicator for innovation or R&D, with high level of geographical disaggregation. One such would be provincial R&D expenditure over GDP. However, since these data are not available, we use the log of patent applications per million inhabitants 8 in the province where the park is located (lpatinhabprov), drawn from the official statistics of the Spanish Office of Patents and Trademarks for 2009. 9 We acknowledge the problems related to using patents as indicators of innovation activity (Griliches, 1998) and we conducted robustness checks using different variables as proxies for the area's level of technological development, and different levels of aggregation. At province level, we use the log of GDP per capita for the province in which the park is located (provGDPpp). In order to exploit R&D activity we need to employ a higher level of aggregation and use the log of the regional R&D effort (reg_r&d), measured by total regional internal R&D expenditure 10 over GDP. We check the influence of changing the aggregation level by using the log of the number of patent applications per million inhabitants at regional level (lpatinhabregion).
The independent variables related to the characteristics of park management are: a) lstaffr, which is the log of the number of full-time equivalent employees in the park's management company per 100 tenants; b) international, a dummy variable that takes the value 1 if the park's management provides services to foster internationalization activities among its tenants and 0 otherwise; c) consult, a dummy variable that takes the value 1 if the park management provides general consulting services such as legal, commercial and/or on fiscal advice to its tenants, and 0 otherwise.
Definition of the covariates
For effective multiple regression analyses, it is essential to have appropriate covariates that allow explicit control for those factors that affect the dependent variable and the variables of interest simultaneously, so that their effect can be interpreted as ceteris paribus.
Following previous studies that use CIS data (for a review see Vásquez-Urriago et al., 2011), we employ two groups of covariates as determinants of innovation: firms' general characteristics (i.e. total turnover, exports, industrial sector, firm age), and some innovation-specific firm characteristics (i.e. innovation effort, perceived obstacles to innovation). Table 2 lists the covariates used in this paper. Third, we analyse STP management. We find that the larger the management structure, the better the results of the firms located in the STP. We find no evidence of non linear elasticity.
Results
Main results
More precisely, a 1% increase in the management staff is related to a 0.43% increase in the sales of new products per employee. The management services provided to tenants offers a different picture. Internationalization services do not have an effect, while the effect of general consultancy services is negative. These results might be explained as lower quality services provided by park management compared to the services available on the market.
Thus, the positive influence of a strong management structure is not driven by the provision of direct services to firms, but by other reasons such as contributing to the creation of an environment conducive to innovation, increasing entrepreneurs' networks, facilitating technology transfer and enhancing firms' reputation.
Fourth, we examine the influence of STP location. Table 4 , Column 2 uses the indicator of number of patent applications per million inhabitants in the province where the STP is located.
We find a negative effect on firm performance, suggesting that STPs perform better in less developed provinces. Note that this effect is quite large (a 1% increase in patent applications per million inhabitants is related to a 0.665% decrease in the dependent variable), but only marginally significant. This might be because this variable varies only at province level so that estimation of the effect is less precise (standard errors quite high). Since the variability in this variable is low the estimation is somewhat imprecise. 12 We test the robustness of this result using different indicators for development: provincial GDP per capita (Table 4 , Column 4); regional patents (Column 5); and regional R&D effort (Column 6). Regional patents and R&D 11 Available upon request. 12 In Table 4 , column 3, the size of the coefficient is very similar to that in column 2, but not statistically significant at the conventional statistical levels.
effort show negative and significant effects; GDP shows negative, non significant effects which still are of large magnitude. These results suggest that STPs are instruments of innovationpolicy for less developed regions (Siegel et al., 2003a) by compensating for a lack of inputs in these regions and constituting innovation enclaves. In more advanced regions, the STP effect is more limited because there are other favourable framework conditions available to firms (Felsenstein, 1994; Sternberg, 2004) .
Robustness checks and further results
The dependent variable aims to demonstrate firm innovativeness. Previous studies use various definitions of the dependent variable such as (i) percentage of sales from products new to the market (Laursen and Salter, 2006; Falk, 2007) , (ii) transformations of this indicator 13 (Klomp and van Leuween, 2001, Mohnen et al., 2006; Raymond et al., 2006) , and (iii) total sales from products new to the market. In this subsection we explore whether our results are robust to these different definitions of the dependent variable (lnnewmer, ltnewmer and linnovsales -all in logs). 
Discussion and conclusions
The aim of this paper was to shed light on the contribution of STPs to firm innovation, by empirically assessing the influence of STP characteristics on tenant firms' innovation. We were particularly interested in the effects of park age, dimension, management and location in a more or a less developed environment on the innovativeness of tenants.
13 This variables is obtained using the formula:
, where newmer1=newmer/100, and newmer is the share of sales obtained from new to the market products over total turnover.
The first important conclusion that can be drawn from our study is that STP characteristics, often disregarded in previous studies, affect the innovative results of firms. More precisely, we find that park age has a non-linear effect on sales of innovative products. Firms in younger and older parks outperform those in middle-aged parks. This finding can be explained by a twofold impact of being located on-park: an initial short-term positive impact for the firm generated by the visibility and prestige of a park location, and reasons related mainly to marketing; and a long-term positive effect likely due to the accumulation of knowledge, organizational learning, better understanding of tenants' needs and more effective business support. This result reconciles the contrasting views in the literature: the short-term effect supports the arguments of those who think STPs are prestigious locations for innovative firms, while the existence of a long-term positive effect supports the view that STPs are instruments of innovation policy.
Regarding STP size, we found that firms in larger parks outperform those in smaller parks. This points to the existence of economies of agglomeration, due probably to a greater knowledge stock within larger parks which facilitates knowledge spillovers. We found no evidence of congestion effects, although it is possible that the largest STP in our sample is not large enough for these to be an issue.
The size of the STP management team positively affects the innovation performance of tenants. However, this positive impact is not explained by the services provided by management: general consultancy services have a negative impact, and services aimed at fostering internationalization have no significant effects on firms' innovation. It is possible that a larger management team helps firms to achieve better results by augmenting the entrepreneur's network and facilitating technology transfer, but that tenancies should avail themselves of the best services provided in the market. This paper has implications for policy and managers. First, for policy, our findings on the existence of long-term effects of parks on firms' innovation performance and an on-park location being more beneficial for firms in less developed regions, supports the idea of STPs being instruments of technology and innovation policy that should be protected from the effects of political cycles. In addition, the heterogeneous effects identified suggest that policymakers should avoid indiscriminate financial support for STPs. More precisely, this study suggests that efforts to increase the size of STPs would benefit their firms, but that the provision of services has not been helpful.
Second, the implications for managers are two-fold. We show that STPs vary in the benefits that a park location provides, so it is important to identify the most appropriate type of STP.
We show also, that the services provided by the park's management may not be the best available.
Although the literature on STPs has grown it focuses mainly on estimation of the average effects on firm innovation, which has led to contrasting results. The present study allows for the existence of heterogeneous effects and shows that they are systematically related to certain STP characteristics. We believe deeper investigation of their heterogeneity would contribute to the knowledge in this area. For example, STPs' demographics and the roles played by universities and research institutes might be interesting lines of research. Also, despite heavy data requirement, it would be interesting to analyse firms' and parks' heterogeneity jointly so to enable the development of more context-specific strategies. Regional Studies, 39, 1, 61-74. BRESNAHAN, T., GAMBARDELLA, A. and SAXENIAN, A. (2001) : "Old economy' inputs for 'new economy' 
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